Inferences on hurricane evacuation behavior are usually drawn through developing empirical models. These models are estimated using data that are specific to a given hurricane context. One important issue therefore is whether such models are applicable to different hurricane contexts. This paper investigates this transferability issue of evacuation choice models across different hurricanes. Initially, we estimate three separate models of the binary decision to evacuate or not, using datasets from three hurricanes (Andrew, Ivan, and Katrina) that occurred at different periods. Then a joint model is estimated combining these three evacuation data sources. When estimating the model jointly, the differences among the scale parameters of the datasets are specifically accounted for. The results from joint and separate models are then statistically tested to evaluate whether evacuation decision model parameters are transferable across different hurricane contexts. The result from the statistical test suggests that the parameters of the evacuation choice models are transferable over different hurricane contexts in similar regions, an important implication for policy makers and emergency preparedness agencies.
Introduction
Hurricanes, one of the most costly natural disasters in the United States (U.S.), have increased in frequency and intensity in recent years. These hurricanes have particularly devastating consequences in coastal areas. For instance, the 2005 Atlantic hurricane season in the U.S. caused approximately 2,300 deaths and damages of over $130 billion (NHC 2006) . The role of evacuation has been specifically realized after the 2005 hurricane season when citizens were trapped in floodwater in New Orleans (in Hurricane Katrina) and many evacuees were stuck in gridlock on the freeways during Hurricane Rita. At least a portion of the traffic during the Hurricane Rita evacuation was a result of shadow (or spontaneous) evacuation of people who did not need to evacuate; these people likely evacuated, at least in part, as a response to the severity of damage and loss of life caused by Hurricane Katrina. The magnitude of the shadow evacuation exceeded the expectations of the evacuation planners and managers. Clearly, these experiences show that there is a great deal of research to still be conducted to understand evacuation behavior at the household level. With such an understanding, better policies and evacuation strategies can be developed.
In order to gain better insights on evacuation behavior we therefore have to understand and address the complexity involved in the household-level decision-making process (Gladwin et al. 2007 ). One of the key outcomes of this process, from an evacuation planning perspective, is whether the household evacuates or not. Inferences about this evacuation decision are usually drawn using empirical models based on data gathered for a single, specific hurricane. The insights provided by these models, while applicable for the specific geographic area where the data was collected, have not been extended to other hurricanes within the area or a different geographic area. While evacuation behavior has been modeled separately using data from Whitehead et al. (2000) , on the other hand, considered storm intensity, by presenting hypothetical storm scenarios to respondents, in addition to objective and subjective risk variables. Their findings suggest that storm intensity is the most important determinant for households' evacuation decision. Regarding objective risk factors, households receiving a mandatory evacuation order instead of a voluntary order and households living in mobile homes are more likely to evacuate. On the other hand, subjective risk factors, such as perceived risk from flooding, are more important than risk from wind when making evacuation decisions.
Influences of objective and subjective risk variables are measured through the coefficients of a logistic regression model. Using correlation analysis, Lindell et al. (2005) found that evacuation decisions tended to be strongly correlated with geographic characteristics (e.g. proximity to the coast, proximity to inland waterways), utilization of information from peers and local authorities, social cues (e.g. official evacuation recommendations, observations of peers evacuating, and official watches and warnings), and demographic characteristics (e.g. younger, female, and respondents with children at home). On the other hand, personal hurricane experience and previous experience of unnecessary evacuations were not significantly correlated with evacuation decisions. However, it is noteworthy to mention that such correlation-based analysis measures the influence of the variables on the evacuation decision separately instead of their combined effects.
In spite of significant research efforts on evacuation behavior as indicated by the above review, no studies specifically investigate the transferability of evacuation choice models over different hurricanes. However, there are studies that qualitatively compare aggregate evacuation behavior under different hurricanes. Baker (1991) made the first attempt in this regard by comparing twelve different hurricane evacuation studies over the period of 1961-89. This study compared the correlation between aggregate evacuation rate and different candidate factors. The study concluded that variations in evacuations can be consistently explained by a set of explanatory variables. These variables include risk level of an area, actions by public authorities, housing type, prior risk perception, and storm-specific threat factors (Baker 1991).
In general, the transferability of a model is defined as "the application of a model formulated and estimated in one context to another context" (Koppelman et al. 1985) . While building any model a researcher or practitioner is usually concerned with whether the estimated parameters of the model are spatially or temporally transferable. The transferability of a model, estimated at a particular context, is warranted if the modeler wants to extract useful information about the behavior in the application context using the same model. This transferability issue has been widely studied in the past by many researchers particularly within the travel demand modeling community where primary attention was devoted to trip generation and mode choice models (Koppelman et al. 1985; Atherton and Ben-Akiva 1976; Koppelman and Wilmot 1982; Supernak 1983 ). Trip generation is directly analogous to the decision to evacuate or not.
Transferability can be considered at four different levels of the model development framework However, such transferability issues have not been extensively considered in the context of the evacuation decision making problem. This paper begins to fill this gap in our knowledge by studying the transferability evacuation decision models over different evacuation choice contexts.
Methodology
The initial presentation in this section discusses the utility framework for household decision making under hurricane risk. The question of whether to evacuate or stay at home due to the threat of a hurricane involves a decision between these two possible choices. These types of mutually exclusive and collectively exhaustive choices have often been modeled through logit models, which offer a rigorous analytical framework for modeling such discrete choices. In the context of hurricane evacuation, for a given household !, the utilities for the two evacuation choices of whether or not to evacuate (denoted by " #$ and " %$ respectively) are defined as in equation (1):
where ( #$ and ( %$ are the deterministic parts of the utility terms, + , and + / are vectors of estimable parameters, -,. and -/. are vectors of the factors (covariates) that determine the utility of evacuation and non-evacuation decisions, respectively, for household !, and * #$ and * %$ are random terms. If the random terms * #$ and * %$ are assumed as independent and identically Gumbel (or Type I extreme value) distributed then the standard binary logit form for the evacuation decision choices is as in equation (2):
where 0 $ (2) is the probability of household ! evacuating and 9 is a positive scale parameter. For the case of linear-in-parameters utility specifications (such as Equation (1)) the scale parameter 9
cannot be distinguished from model parameters + (Ben-Akiva and Lerman 1985). For convenience in the model estimation process it is generally assumed that 9 = 1.
In order to address the transferability issue specific to our problem, consider an evacuation decision model, ; estimated using two separate household-level datasets <1 and <2
representing two hurricane contexts >1 and >2 respectively. For both of these hurricane contexts each household ! has to make a decision out of two choices of whether to evacuate or not. The underlying decision making protocol (i.e. utility maximization) and the associated mathematical model class (i.e. binary logit) are also assumed to be consistent across the contexts >1 and >2. The transferability issue of model ; will be then whether model parameters estimated using data from >1 are transferable to >2, and vice versa. This transferability of model parameters can be examined by a set of tests ranging from informal parameter comparisons to formal likelihood ratio tests such as:
i. Informal parameter comparison done by computing the ratios of the parameters of models estimated using each single dataset (Louviere et al. 2000) . This analysis identifies potential parameters that are likely to be equal despite the presence of different scale parameters of datasets.
ii. The calculation of model equality test statistic based on a joint estimation of a model using the combined data sources (Koppelman and Wilmot 1982; Ben-Akiva and
Morikawa 1990).
The later test is considered as a formal test of transferability and discussed in detail in the following sub-section.
Model Equality Test Statistic
Equality of model parameters (estimated for different contexts) for an evacuation decision making model is established when similar parameter estimates are obtained from models estimated for different contexts. To measure the differences in model parameter estimates we define here a test statistic that utilizes a joint model estimation approach using a combination of multiple data sources (Koppelman and Wilmot 1982; Ben-Akiva and Morikawa 1990). Although our application is based on comparisons among three different hurricane contexts and the model parameters estimated using these datasets, for clarity we define the transferability problem and the associated test statistic for two different contexts first.
Consider again an evacuation decision making model ; (as shown in Equation (2)) estimated for two hurricane contexts >1 and >2. Since model ; is estimated assuming the distribution of the random terms (i.e. extreme value type I), it has an embedded scale parameter (9) which is inversely related to the variance of the random terms. The vector of model parameters estimated using a given source of data is 9+ (Ben-Akiva and Lerman 1985). Since, as previously mentioned, 9 cannot be separately identified from model parameters +, 9 is usually normalized to a constant (e.g. unity). Similarly, the estimated parameters of model ; for contexts >1 and >2 would correspond to the terms 9 ?@ A ?@ and 9 ?B A ?B respectively where 9 ?@ and 9 ?B are the corresponding scale parameters of >1 and >2 respectively. Thus model ; estimated for the contexts >1 and >2 may result in different parameter estimates due to differences in scale parameters (i.e. 9 ?@ and 9 ?B ) or model parameters (i.e. A ?@ and A ?B ) or both. Therefore, without considering these scale parameters it is not possible to directly compare the estimated model parameters from >1 and >2.
We hypothesize that the underlying decision making protocol (i.e. choice process between the options to evacuate or not) in hurricane contexts >1 and >2 is similar. Then the joint estimation (Ben-Akiva and Morikawa 1990) of ; from combining data sources <1 and <2
(datasets representing the contexts >1 and >2 respectively) provides us information about the differences between the scale parameters. Using this joint estimation, a test statistic can be computed to measure the model parameter equality. This test statistic uses the log-likelihood from the estimation of the two separate models and the log-likelihood from the joint estimation with the combined data source. The model equality of test statistics (METS) is given by equation 
where HH(A I@∪IB ) is the log-likelihood at convergence of the model estimated using the combination of the datasets <1 and <2 (i.e. log-likelihood at convergence from the joint estimation), HH(A I@ ) is the log-likelihood at convergence of the model estimated using dataset <1, and HH(A IB ) is the log-likelihood at convergence of the model estimated using dataset <2. Tables 1 and 3 , and other characteristics that may have an intuitive impact on the transferability of the models are included as well. As shown in However, examination of the number of children in Table 1 and the difference in ages associated with a "child" designation suggests a greater number of children in the Hurricane Andrew dataset. Thus, among the variables captured by the surveys, mobile home residence, home ownership, and number of children may show some differences across the models, and basic locations (due to the above as well as inherent differences) may exert some influence on the transferability of the models. These issues are explored below.
Empirical Results
In this section we report model estimates from single and combined data sources and the transferability test statistics calculated from our model estimation results. Our analysis provides insights into the differences among utility parameter estimates. We also discuss the potential transferability of evacuation decision making models. Katrina dataset consists of a portion people who were interviewed in Ivan survey, all the respondents for the Katrina dataset had a previous hurricane experience. Therefore, the coefficient for previous hurricane experience specific to Katrina is not identifiable.
Parameter estimates across different hurricane contexts suggest similar household evacuation behavior (see Table 3 ). Households with a greater number of persons prefer not to evacuate. Families that own their houses are less likely to evacuate compared to the families that do not own their houses. However, the estimated parameter from the Katrina dataset does not indicate similar behavior; this fact can be ignored as the parameter is not statistically significant.
Households that have window protection measures (e.g. putting storm shutters, metal panels, or The combined estimation shows that the Ivan and Katrina datasets have more noise as the variances of their random terms are higher (scale parameter is inversely proportional to variance of random terms) than that of the Andrew dataset. This result could be due to the heterogeneity of locations and socio-demographic characteristics among the counties. Also notice that parameter estimates from the combined model are very close to the parameter estimates obtained from the model for the Andrew dataset. This is quite reasonable as in both cases the scale parameter for Andrew is restricted to one. To compare the parameters of the combined model with those from the other two models (i.e. separate models estimated using the Ivan or Katrina datasets), their individual scale parameters have to be considered.
The model equality test statistic using the log-likelihoods from combined model-1 and models using single datasets is calculated as (see Equation (3) This statistical test fails to reject the hypothesis of model transferability across different hurricane datasets. Notice that although we have used parameters for household size and the indicator variable for household window protection measures specific to Hurricane Ivan, these parameters have similar estimates across the other two datasets (i.e. Andrew and Katrina) given that the difference in the scale parameters is considered. This suggests that, for Hurricane Ivan, these two variables have either statistically insignificant or different influence on evacuation choice. When these facts are accounted for, the equality of model-2 parameters across different hurricane contexts is established.
This finding suggests that except for the region-specific indicator variables, the constant terms, and a few specific variables (household size and window protection strategies), evacuation decision making models have equal parameters across the three different hurricane contexts.
Thus, the conclusions from our statistical test support a reasonable validity of evacuation choice model transferability across different hurricane contexts given the constant terms can be found for these contexts.
Summary and Conclusions
This paper compared evacuation decision making models estimated for three different hurricane contexts (Hurricanes Andrew, Ivan and Katrina). The hurricanes were classified as categories 3
and 4, indicating a relatively high threat. The survey samples were different in many aspects, including diversity of geographic locations, socio-demographic characteristics, and prevalence of mobile homes in the source counties/parishes. This diversity provided an excellent background on which to test the potential of transferring the parameter estimates for household evacuation decision making models. A formal statistical test was used to evaluate the equality of model parameters. The test statistic was based on a joint model estimation combining the datasets from three hurricane contexts. Combined models estimated for the three hurricane contexts also revealed the scale parameters specific to each hurricane context. This scale parameter allows us to compare model parameters across different hurricane contexts. The model equality test adopted in this study concluded that the parameters of the evacuation choice models can be transferred across different contexts and that the factors involved in the decision to evacuate or not transcend many potential differences among populations. However, one has to interpret the validity of these results within the same geographical area and under the usual assumptions of econometric models. The region-specific variables and constants have to be updated before transferring such kinds of models.
This study has implications related to the application of an evacuation decision making model estimated using a particular dataset to a different hurricane context. Although this study only examined three hurricanes, the results are promising, and additional hurricane datasets will be tested in the future. Model application is warranted to understand evacuation behavior as well as to determine evacuation demand for a future hurricane. However to this date (to the best of our knowledge), no one rigorously investigated whether the model developed for a particular region and a specific hurricane would reasonably reflect behavior for a different hurricane context in a different region (Wilmot and Mei 2004) . As mentioned before, Baker (1991) found consistent patterns of a resident's decision of whether or not to evacuate through comparisons of the correlation between explanatory variables and aggregate evacuation behavior (i.e. evacuation rate of an area). Our findings, following a rigorous modeling approach, support similar consistent evacuation behavior patterns across different hurricanes. Our study also provides estimates of model parameters transferable to other hurricane contexts which provide a stronger basis for developing specific strategies for emergency preparedness.
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